Chemical abundance studies of the Sun and solar twins have demonstrated that the solar composition of refractory elements is depleted when compared to volatile elements, which could be due to the formation of terrestrial planets. In order to further examine this scenario, we conducted a line-by-line differential chemical abundance analysis of the terrestrial planet host Kepler-10 and fourteen of its stellar twins. Stellar parameters and elemental abundances of Kepler-10 and its stellar twins were obtained with very high precision using a strictly differential analysis of high quality CFHT, HET and Magellan spectra. When compared to the majority of thick disc twins, Kepler-10 shows a depletion in the refractory elements relative to the volatile elements, which could be due to the formation of terrestrial planets in the Kepler-10 system. The average abundance pattern corresponds to ∼ 13 Earth masses, while the two known planets in Kepler-10 system have a combined ∼ 20 Earth masses. For two of the eight thick disc twins, however, no depletion patterns are found. Although our results demonstrate that several factors (e.g., planet signature, stellar age, stellar birth location and Galactic chemical evolution) could lead to or affect abundance trends with condensation temperature, we find that the trends give further support for the planetary signature hypothesis.
INTRODUCTION
The technique of a strictly differential line-by-line analysis for measuring relative chemical abundances in stars with very high precision (0.01 dex, ∼2%) has been further developed and applied to various cases over the past few years (Meléndez et al. , 2012 Ramírez et al. 2011 Ramírez et al. , 2014 Yong et al. 2013; Liu et al. 2014;  vection was still deep enough to dilute the disc gas to erase its chemical signature. Therefore, the Sun would exhibit a depletion in refractory elements relative to volatile elements when compared to most solar twins. Chambers (2010) confirm quantitatively that the depletion of refractories in the solar photosphere is possibly due to the depletion of a few Earth masses of rocky material.
This scenario, however, has been challenged by González Hernández et al. (2010) and Adibekyan et al. (2014) . They argued that the observed trend between chemical abundances and condensation temperature (Tc) could possibly be due to the differences in stellar ages rather than the presence of planets. Nissen (2015) conducted a highprecision differential abundance analysis for 21 solar twin stars in the solar neighbourhood with high signal-to-noise ratio (SNR > 600) spectra. His results revealed abundance-age correlations for most elements. This indicates that chemical evolution in the Galactic disc might play an important role in the explanation of the trend between abundance and dust condensation temperature and must be considered when interpreting the results.
Another explanation for the peculiar solar composition is that the pre-solar nebula was radiatively cleansed from some of its dust by luminous hot stars in the solar neighbourhood before the formation of the Sun and its planets. This possibility is supported by the finding that the solar-age and rich open cluster M67 seems to have a chemical composition closer to the solar composition than most solar twins (Önehag et al. 2011; Önehag, Gustafsson & Korn 2014) . A similar scenario was discussed by Gaidos (2015) , who suggests that abundance-Tc correlations could be explained by dust-gas segregation in circumstellar discs.
The scenario put forward by Meléndez et al. (2009) makes a testable prediction that the host star of a system with terrestrial planets should also exhibit a depletion in refractory elements relative to volatile elements when compared to otherwise identical stars (i.e., stellar parameters, ages, birth locations). Therefore, in order to test this scenario, we need to conduct high precision chemical abundance studies of stars hosting terrestrial planets relative to similar other stars without such planets. Kepler-10 hosts two planets, Kepler-10b and Kepler-10c (Batalha et al. 2011) . Dumusque et al. (2014) reported that the mass of Kepler10b is 3.33 ± 0.49 M⊕ with a density of 5.8 ± 0.8 g cm −3 , while the mass of Kepler-10c is 17.2 ± 1.9 M⊕ with a density of 7.1 ± 1.0 g cm −3 . Dumusque et al. (2014) characterized Kepler-10b and Kepler-10c as a hot Earth-like planet and a Neptune mass solid planet, respectively, although Rogers (2015) argued that Kepler-10c is likely to have a substantial volatile envelope and thus not rocky. The Kepler-10 system is thus a very suitable target to identify any chemical signatures of terrestrial planet formation. In particular, if the scenario presented by Meléndez et al. (2009) is correct, we should expect to find a deficiency of refractory elements relative to volatile elements in the photosphere of Kepler-10 when compared to other stars sharing similar stellar parameters but without known planets.
Here we present a strictly line-by-line differential abundance analysis of Kepler-10 and a sample of stellar twins to explore whether or not there is a chemical signature of terrestrial planet formation.
OBSERVATIONS AND DATA REDUCTION
We obtained high resolution and high SNR spectra with the Canada France Hawaii Telescope (CFHT), the HobbyEberly Telescope (HET) and the Magellan Clay Telescope.
We observed Kepler-10 with the Echelle SpectroPolarimetric Device for the Observation of Stars (ESPaDOnS) (Manset & Donati 2003) at the Canada France Hawaii Telescope (CFHT) during June 2013. The spectral revolving power is 68,000 and the spectral range is 3800 -8900Å. In total eight spectra with exposures of 1700 s each were obtained. The individual frames were combined into a single spectrum with SNR ≈ 300 per pixel in most wavelength regions. A solar spectrum with even higher SNR (≈ 500 per pixel) was obtained by observing the asteroid Vesta. The spectra were reduced with the CFHT data reduction tool 'Libre-Espirit' while the continuum normalizations were addressed with IRAF 1 . We also observed Kepler-10 with the High Resolution Spectrograph (HRS) (Tull 1998) on the Hobby-Eberly Telescope (HET) at McDonald Observatory during May 2011. A total integration time of 6.8 hours was needed to achieve SNR > 350 per pixel. The spectrum has a spectral resolving power of 60,000 and covers 4100 to 7800Å, with a gap of about 100Å around 6000Å. A solar spectrum with higher spectral resolution (R = 120,000) and higher SNR (≈ 500 per pixel) was obtained by observing the asteroid Iris. The HRS-HET data were reduced using IRAF's echelle package.
We selected fourteen stars identified as Kepler-10 stellar twins, based on the similarity of their stellar parameters (T eff , log g, [Fe/H]) to those of Kepler-10, using an updated version of the stellar parameter catalog of Ramírez & Meléndez (2005) and from the sample by Bensby, Feltzing & Oey (2014) . The comparison star sample was chosen randomly such that any individual star was not necessarily included in planet search programs. Those "Kepler-10 twins" were observed using the Magellan Inamori Kyocera Echelle (MIKE) spectrograph (Bernstein et al. 2003 ) during two runs: June 2014 and June 2015. The spectrograph delivers wavelength coverage from about 3300 to 5000Å (blue arm) and 4900 to 9400Å (red arm) at a spectral resolving power of 83,000 and 65,000, respectively, the SNR exceeded 300 per pixel at 6000Å. A solar spectrum using the asteroid Vesta was obtained each night in the first run. We reduced the spectra with standard procedures which include bias subtraction, flatfielding, scattered-light subtraction, 1D spectral extraction, wavelength calibration, and continuum normalization, with IRAF.
Our thick disc twins were not observed with the northern telescopes, nor was it possible to observe Kepler-10 from the southern Magellan site. This limits our strictly differential study to the use of the solar-spectrum observations as a test calibration. We also carried out a number of tests which ensure that our results are not compromised by the use of different spectroscope/telescope combinations. The most important of these tests are described later in this paper.
STELLAR ATMOSPHERIC PARAMETERS
The line list employed in our analysis was adopted mainly from Asplund et al. (2009) and complemented with additional unblended lines from Bensby et al. (2005) and Neves et al. (2009) ; in a differential abundance analysis the accuracy of the gf values does not influence the results. Equivalent widths (EWs) were measured using the ARES code (Sousa et al. 2007 ) for most lines. The equivalent widths for C, O, Mg, Al, S, Mn, Cu and Zn (i.e., elements with fewer lines) were measured manually with the splot task in IRAF. Weak (< 5 mÅ) and strong (> 110 mÅ) lines were excluded from the analysis. The atomic line data adopted for the abundance analysis are listed in Table A1 . We emphasize that in a differential analysis such as ours, the atomic data have essentially no influence on the results since Kepler-10 and its twins have very similar stellar parameters.
We performed a 1D, local thermodynamic equilibrium (LTE) abundance analysis using the 2013 version of MOOG (Sneden 1973; Sobeck et al. 2011 ) with the ODFNEW grid of Kurucz model atmospheres (Castelli & Kurucz 2003) . Stellar parameters were obtained by forcing excitation and ionization balance of Fe i and Fe ii lines on a line-by-line basis relative to the Sun. The adopted parameters for the Sun were T eff = 5777 K, log g = 4.44, [Fe/H] = 0.00, ξt = 1.00 km s −1 . The stellar parameters of Kepler-10 and its stellar twins were established separately using an automatic grid searching method described by Liu et al. (2014) . The best combination of T eff , log g, [Fe/H] and ξt, minimizing the slopes in [Fe i/H] versus excitation potential and reduced equivalent width as well as the difference between [Fe i/H] and [Fe ii/H], is obtained from a successively refined grid of stellar atmospheric models. The final solution was obtained when the grid step-size decreased to ∆T eff = 1 K, ∆ log g = 0.01 and ∆ξt = 0.01 km s −1 . We also required the derived average [Fe/H] to be consistent with the adopted model atmospheric value. Lines whose abundances departed from the average by > 2.5σ were clipped. Figure 1 shows an example of determining the stellar parameters of Kepler-10. The adopted stellar parameters satisfy the excitation and ionization balance in a differential sense. The best fit ± 1σ for the [Fe/H] versus excitation potential (EP) roughly corresponds to an error in T eff of 10 K, similarly for the reduced EW (log (EW/λ), which corresponds to an error of ∼ 0.02 -0.03 km s −1 in ξt. The abundance difference in Fe i and Fe ii = 0.000 ± 0.006, which constrains log g to a precision of 0.02 -0.03.
For the fourteen stellar twins, differential stellar parameters were also obtained by the line-by-line differential analysis as described before, but relative to Kepler-10 rather than the Sun, i.e., Stellar twins (Magellan) − Kepler-10 (HET or CFHT). The adopted initial parameters for Kepler-10 were T eff = 5700 K, log g = 4.35, [Fe/H] = −0.15, ξt = 1.00 km s −1 , taken from the Kepler-10 analysis relative to the Sun. We emphasize that the absolute values are not crucial for our differential abundance analysis. We did not consider α enhancements in the thick disc stars in the model atmospheres but this does not affect our results, in particular not in the differential study of Kepler-10 relative to its thick disc twins. We assume that the stellar spectrum is defined solely by the stellar parameters T eff , log g, ξt and abundances, i.e., other individual stellar parameters, e.g. describing stellar activity is not considered in this study.
The final adopted atmospheric parameters of Kepler-10 and its stellar twins are listed in Table 1 . The uncertainties in the stellar parameters were derived with the method described by Epstein et al. (2010) and Bensby, Feltzing & Oey (2014) , which accounts for the co-variances between changes in the stellar parameters and the differential abundances. Excellent precision was achieved due to the strictly differential method, which should greatly reduce the systematic errors from atomic line data and shortcomings in the 1D LTE modelling of the stellar atmospheres and spectral line formation (e.g., Asplund 2005).
RESULTS

Elemental abundances
Having established the stellar parameters for Kepler-10 and its stellar twins, we derived chemical abundances relative to the Sun for an additional 17 elements from atomic lines: C, O, Na, Mg, Al, Si, S, Ca, Sc, Ti, V, Cr, Mn, Co, Ni, Cu and Zn. We also obtained differential abundances of Kepler-10's stellar twins relative to Kepler-10. Hyperfine-structure splitting (HFS) was considered for Sc, V, Cr, Mn and Cu using data from Kurucz & Bell (1995) . Departures from LTE were considered for the 777 nm oxygen triplet lines according to Ramírez, Allende Prieto & Lambert (2007) and the typical (Ramírez, Allende Prieto & Lambert 2013) . e HIP 101857 is assigned to the thin disc because of its abundance pattern rather than kinematics.
size of the correction is ≈ −0.01 dex. The errors in the differential abundances were calculated following the method of Epstein et al. (2010) : the standard errors in the mean abundances, as derived from the different spectral lines, were added in quadrature to the errors introduced by the uncertainties in the atmospheric parameters. Most derived elemental abundances have uncertainties 0.02 dex, which further underscores the advantages of a strictly differential analysis. Indeed, when considering all elements, the average uncertainty is only 0.014 ± 0.002 (σ = 0.006) for Kepler-10 relative to the Sun.
We first compare the abundances of Kepler-10 as derived from HET and CFHT spectra (Figure 2 ). The values of Tc (specifically 50% condensation temperature for a solar-composition mixture) are given by Lodders (2003) . The average abundance difference ∆[X/H] (HET − CFHT) is −0.004 ± 0.005 (σ = 0.021), consistent with zero. We perform a least-square linear fit weighted by the errors in abundances while the uncertainties of the fitting are calculated considering the chi-square merit function and the relative derivatives 2 . We note that there is a slight negative trend between ∆[X/H] versus Tc with a slope of (−0.19 ± 0.09) × 10 −4 K −1 , which is mainly driven by the two volatile elements, C and O. We adopt the results derived from the HET spectra. This choice does not affect our conclusions since the differences between HET and CFHT data are very small. We do explore the effects of using CFHT data below.
Another issue regarding systematic offsets that we need to consider carefully is whether the choice of the spectrograph affects the results. According to Bedell et al. (2014) , systematic offsets may be introduced when comparing the results using spectra obtained from different instruments or when measurements are not performed consistently. While the Kepler-10 differential abundances were measured based on HET spectra, differential abundances for the Kepler-10 stellar twins were measured based on Magellan spectra.
2 We applied the same manner to all the following linear fits. Therefore, it is crucial to check whether any systematic offsets exist. In Figure 3 is (−0.12 ± 0.05) × 10 −4 K −1 . The systematic offsets in our work are much smaller than that in Bedell et al. (2014) . One possible reason for this difference is that in Bedell et al. (2014) , the normalization of spectra and the measurement of EWs involved not only different instruments, but also different investigators. In this work, the entire analysis was done consistently by one person using the same approach, minimizing the possible systematic errors introduced by comparing the results based on different instruments.
The discovery paper by Batalha et al. (2011) reported [Fe/H] = −0.15 ± 0.04 for Kepler-10. We confirm that Kepler-10, with [Fe/H] = −0.141 ± 0.009, is metal-poor relative to the Sun 3 . Kepler-10 is also older than the Sun with an age of 8.4 ± 1.0 Gyr from our derivation, see below. The total space velocity (Vtot = U 2 + V 2 + W 2 ) 1/2 ) of Kepler-10 is 97.0 km s −1 and the kinematic probability of being from the thick disc is 96% (Dumusque et al. 2014) . Therefore direct comparisons of Kepler-10 to the Sun is not adequate. Kepler-10 should be compared against stars of similar metallicity and belonging to the same stellar population. For the fourteen Kepler-10 stellar twins without known planets, we show the distribution in [Fe/H] and [X/H] in Figure 4 . We calculated the Galactic space velocities U, V, W of our sample stars using data from Simbad database with the equations given by e.g., Johnson & Soderblom (1987) . We derived the associated probabilities of thin/thick disc membership based on the algorithm described by Ramírez, Allende Prieto & Lambert (2007 . We com-puted the stellar ages using the stellar parameters and their errors as given in Table 1 , placing them on a T eff -log g plane, and comparing these locations with the theoretical isochrones of the Yonsei-Yale group (e.g., Yi et al. 2001; Kim et al. 2002) . Details of our age determination technique are provided in Ramírez et al. (2014) .
We have three criteria for thick disc membership: kinematic probability > 60%, age > 7 Gyr and chemical similarity with thick disc stars. All the eight thick disc twins fulfil at least two of these criteria (see Table 1 ). The remaining program stars are likely thin disc members. Regarding the latter criterion, it is evident from Figure 4 ) that thin and thick disc stars lie on different and well-defined trends, although there are also some objects that exhibit thick disc kinematics but thin disc abundances (Reddy, Lambert & Allende Prieto 2006) . In the present work, we are searching for subtle chemical abundance differences among thick disc stars, so it is important that these comparison stars have thick disc chemical abundances.
∆[X/H] -Tc correlations
The [X/H] ratios confirm that Kepler-10 is a thick disc object and its relatively old age further supports this. Therefore, we will compare Kepler-10 against its thick disc stellar twins in order to compensate for effects of Galactic chemical evolution. As is seen directly from Figure 4 , the abundances of Kepler-10 show a systematical pattern relative to the linear fits in the panel that presumably display the Galactic chemical evolution as relations between [X/H] and [Fe/H]. E.g., for the five elements with the lowest condensation temperatures, C, O, S, Zn and Na, the blue crosses representing Kepler-10 in the panels of the figure are situated on or above the redline, while for the eight elements with the highest condensation temperature, Mg, Co, Ni, V, Ca, Ti, Al and Sc, Kepler-10 is located on or below the redline. It is easy to demonstrate that if we assume that the real abundances of Kepler-10 would be on the line and the observed locations are reflecting independent errors symmetrically distributed (i.e. with equally probable departures in positive or negative directions), the chance of obtaining this systematic effect with Tc by mere chance is less than 1%. In view of the fact that the present study was initiated when the superEarths of Kepler-10 had been discovered in order to test the planetary signature of the abundance -Tc relation, the systematics of Figure 4 is in itself a striking confirmation, indicating that this interpretation must be favoured relative to e.g. Chemical evolution effects.
To improve the precision further, we derive strictly differential abundances ∆[X/H] for the eight likely thick disc stellar twins relative to Kepler-10 in Figure 5 rather than relative to the Sun as the case for shows a positive slope as well but with much larger scatter around the best fit. HIP 9381 and HIP 96124 show large scatters around the zero-slopes with three elements as outliers (Cr, Mn and Fe). These outlier elements could be due to the impact of GCE since these two stars are the most metal-poor and those three elements (Cr, Mn and Fe) exhibit the steepest slopes for the [X/H] vs. [Fe/H] in Figure  4 .
We average the results of the differential abundances ∆[X/H] for these eight thick disc stellar twins (i.e. <Thick disc twins (Magellan)> − Kepler-10 (HET)) and show the result in Figure 6 . As seen already directly from Figure 4 , Kepler-10 shows a depletion of refractory elements relative to the volatile elements when compared to the average of all the thick disc stellar twins. The average difference is ∆[X/H] = 0.037 ± 0.004 (σ = 0.016). A linear fit to the data has a gradient of (0.29 ± 0.03) × 10 −4 K −1 , corresponding to a > 9σ significance. Although the trend is mainly driven by C and O, a significant trend (slope = (0.17 ± 0.04) × 10
) is also present when excluding these two elements. Table 2 lists the adopted elemental abundances and associated uncertainties of Kepler-10 and the average of its thick disc stellar twins. In addition, Table A2 lists all the derived elemental abundances and associated uncertainties of each program star with relative to Although the classification of Kepler-10 as a thick disc star, on the basis of its kinematics, age and abundance pattern, one may ask how the abundance pattern relative to Tc would look if compared with its thin disc counterpart stars, instead. In Figure 7 we display the differences between the mean of [X/H] for the thin disc stars and Kepler-10, again plotted vs. Tc. A linear fit to the data has a gradient of (0.45 ± 0.03) × 10 −4 K −1 , while the dispersion about the linear fit (σs) is 0.044 dex. The trend excluding C and O has a gradient to be (−0.12 ± 0.04) × 10 −4 K −1 with 2.6σ significance. We see that the systematic slope of the relation still prevails, but that it is now very much dependent on C and O; the relation for the rest of the elements show a characteristic peak, corresponding to elements with Tc ∼ 1200 K. This demonstrates that Galactic chemical evolution partly masks the effects of dust-depletion on the abundance pattern.
As a further check of our results, we also repeated the analysis using the CFHT Kepler-10 spectrum and analyzed the stellar twins with respect to that spectrum. The results are very similar to those presented in Figures. 5-7 . 
DISCUSSION
As shown in Figure 6 , there is a deficiency of refractory elements relative to volatile elements in the photosphere of the terrestrial planet host Kepler-10 when compared to the average results of its thick disc stellar twins without known planets. Using the current size of the convective zone of Kepler-10 (0.08 M⊙, Siess, Dufour & Forestini 2000) , the abundance pattern corresponds to at least 13 Earth masses of rocky material (Chambers 2010) which is comparable to the total mass of planets (20 Earth masses) in the Kepler-10 system. Therefore the differences in chemical composition between Kepler-10 and its thick disc stellar twins could be attributed to the formation of terrestrial planets in the Kepler-10 system, but this requires that the life time of the proto-planetary disc was long enough to not deliver its dustcleansed gas until the convection zone of the star reached its present depth. As we mentioned before, even for the thick disc twins which share similar stellar parameters and ages with Kepler-10, the ∆[X/H] -Tc correlations still vary star to star. In order to investigate this further, we show the histogram of the slopes for the single linear fitting of the Tc trends for the eight thick disc stars in Figure 8 . The slopes exhibit a broad distribution. We note that two (HIP 9381 and HIP 96124) (2014) and Nissen (2015) proposed that the trends between chemical abundance and conden- sation temperature (Tc) could be due to the differences in the stellar ages. We plot the differential abundances ∆[X/H] -Tc slopes versus stellar ages in Figure 9 . A linear fit to the data is over-plotted (each data point is given equal weight). The gradient is −1.8 ± 1.0 for thick disc twins, using Kepler-10 as a reference. The negative slope is likely driven by the one star younger than 6 Gyr. Without that object, the diagram is a scatter plot such that age alone can not explain the chemical behaviour. We note that for most thick disc twins, although they have similar ages, the ∆[X/H] -Tc slopes can vary by ∼ 6 × 10 −5 K −1 . Therefore, we emphasize again that age alone can not explain the chemical patterns found in Figure 5 and Figure 6 . It has since long been known that the solar upper atmosphere and wind abundances are affected by anomalies, with respect to the photosphere, in that the elements with a high first ionization potential (such as Ne and Ar) are depleted relative to those with low potentials (e.g., Fe, Mg, Si, see Feldman & Laming 2000) . Effects of this kind could possibly occur differentially in stellar photospheres, and might mimic the abundance correlations with condensation temperature. We have explored this by examining the relation between ∆[X/H] and the first ionization potential (FIP) in Figure 10 . Although a correlation is apparent, its significance (4σ) is much less than for the Tc trend. Figure 10 might be just as well considered as providing two clumps: C and O, the rest of the elements, respectively. A similar phenomenon was also reported by Ramírez et al. (2010) for the Meléndez et al. (2009) and solar twin data sets. We performed a Spearman correlation test of the abundance differences vs. Tc and FIP. The Spearman correlation coefficient is rS = +0.68 when using Tc, but only −0.32 for the FIP. The probability of a correlation arising by chance is 0.2% for Tc, while the prob- ability of the correlation with FIP arise by chance is 20.6%. We emphasize that there is no convincing physical scenario to explain the FIP trend in our results. The FIP effect modifies only the chromospheric and coronal abundances in the Sun, not the photospheric abundances, which is of relevance here.
Already in discussing Figure 4 above we could draw the conclusion that clear correlations with condensation tem- 4 One concern regarding the GCE corrections in our analysis is that we are correcting the GCE effects using the abundance ratios -[Fe/H] relations, as was done by Adibekyan et al. (2014) . Nissen (2015) demonstrated that age may be a better tracer for the Galactic chemical evolution and should be considered when applying the GCE corrections. Indeed a recipe including both age and [Fe/H] could be the best way to estimate the GCE effects. However, the age range of the Kepler-10 thick disc twins is so narrow that we can not, and probably do not need to address an accurate GCE correction using the abundance ratio vs. stellar age plots. Additional thick disc stellar twins would clarify this situation further.
When comparing Kepler-10 to its eight thick disc stellar twins, we find that Kepler-10 is depleted in refractory ele-4 A similar approach using Si as the reference element does not change our results. We find a slope of (0.214 ± 0.036) × 10 −4 K −1 , i.e., a 5.9σ result.
ments. The ∆[X/H] -Tc trends vary star to star which complicates the possible scenario. Chemical signatures of terrestrial planet formation, stellar ages, stellar birth locations, GCE effects, variation in dust-depletion in star-forming regions, etc. may affect our results. We notice that each of the scenarios discussed above may not be fully responsible for the observed abundance while a combination of several factors might affect and produce the current chemical composition of Kepler-10 and its stellar twins.
CONCLUSIONS
We conducted a line-by-line differential abundance study of Kepler-10 and a sample of stellar twins, obtaining extremely high precision based on spectra from three telescopes (CFHT, HET and Magellan). Our analysis reveals subtle chemical differences in the photosphere of Kepler-10 when compared to its stellar twins. We confirm that Kepler-10 is very likely a thick disc star considering its old age (8.4 ± 1.0 Gyr), kinematic probabilities (96% as thick disc member) and abundance ratios (according to Figure 4) . When comparing Kepler-10 to its thick disc twins, a single linear fit provides an appropriate representation of the ∆[X/H] -Tc trend. We find that Kepler-10 is depleted in refractory elements relative to volatile elements when compared to the majority of thick disc stellar twins. Two of the eight thick disc twins do not show depletion patterns, which is within the small number statistics compatible with Meléndez et al. (2009) ; Ramírez, Meléndez & Asplund (2009); Ramírez et al. (2010) et al. resulting 15% of solar twins have chemical compositions that match the solar value. The average abundance difference between thick disc twins and Kepler-10 is 0.037 ± 0.004 (σ = 0.016) which corresponds to at least 13 Earth masses material. One possible explanation could be the formation of terrestrial planets in the Kepler-10 system. However, the results are not as clear as for the solar twins Ramírez et al. 2010) . Other factors (e.g., stellar age, stellar birth location and Galactic chemical evolution) might also affect the abundance results.
Naturally the thick disc twins may also harbour similarly large rocky planets as Kepler-10 although they have not yet been detected. Several studies based on current discoveries of exoplanets (Howard et al. 2012; Petigura, Marcy & Howard 2013; Burke et al. 2015) reported estimations of occurrence rate of rocky planets around different type of stars with different orbits. Petigura, Marcy & Howard (2013) indicate that at least one in six stars might host a planet with 1 -2 RE with period between 5 -50 days. In this case, the peculiar chemical composition of Kepler-10 could reveal signatures regarding the different planetary masses, orbits, formation efficiency or formation timescale. In order to test the Meléndez et al. (2009) 
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